ABSTRACT: There is considerable interest in how "second- 
shell" interactions between protein side chains and metal ligands remains to be determined. In addition, the proton-coupled electron transfers (PCETs) may proceed via independent electron-transfer and protonation steps. We assume that decarboxylation is irreversible. The identity of the general base (B) that removes the proton from the substrate monoanion is not yet determined. initiated by the addition of enzyme in N2-saturated buff er and 144 subsequently quenched by the addition of 500 mM Tris-Cl, pH 145 7.5. Incubation times were varied from 37 min to 3 h so as to 146 obtain mixtures in which a diff erent fraction of reaction had 147 taken place. Complete oxalate consumption required incuba-148 tion with the W132F OxDC variant at 22 °C for 14 h in either 149 of the two buff ers. CO2 produced during the reaction was 150 collected and purified through a vacuum line, and the isotopic 151 composition was determined using an isotope ratio mass 152 spectrometer (IRMS). After quenching, the solution was passed 153 through an Amicon ultrafiltration system to remove enzyme, 154 and an aliquot (50 μL) was taken to determine the fraction of 155 conversion, f, using an oxalate assay kit (Trinity Biotech, NY). 156 In addition, formate produced in the reaction was measured 157 using the standard FDH-based assay outlined above.
158
The isotopic composition of residual oxalate and formate 159 produced in the reaction was also determined in these studies. 160 Thus formate and oxalate were separated by anion-exchange 161 chromatography (Bio-Rad AG-1 resin) using dilute H2SO4, pH 162 2.7, as eluent. Fractions that contained either oxalate or formate 163 were pooled, and the pH of these solutions was adjusted to 164 neutral pH using 0.1 N NaOH before the volume was reduced. 165 After sparging with N2 186 the heavy-atom isotopomers were at natural abundance (Table 187 t2 2). As discussed elsewhere, 20 these measurements report on 188 t2 isotopically sensitive steps in the catalytic mechanism up to, and 189 including, the first irreversible step, which we assume to be CO2 190 219 data using our minimal kinetic model and the following 220 equation
222 where 
t3 250 Solving this equation yields a value of k5/k4 = 2.08 (Table 3) , 251 which diff ers from the value of k5/k4 = 4.00 determined for WT 252 OxDC under the same conditions. The reduction in the 253 commitment factor for the W132F OxDC variant is associated with an increase in the k4 rate constant because, for reasons that 254 are discussed below, the magnitude of k5 is increased compared 255 with the cognate rate constants in the reaction catalyzed by WT 256
OxDC (Table 3) .
257
Given that the carboxylic acid at the end of the substrate that 258 becomes CO2 is protonated in our mechanistic model, the 259 18 (V/K) value on CO2 at pH 5.7 must be multiplied by 0.98. (Table  313 3). We therefore conclude that the oxalate radical anion in the 314 W132F-catalyzed reaction can be represented solely by 315 resonance form I (see below) in which a full positive charge 316 is located on the carbon that is finally converted into formate. 17 As a result, the carbon atom is more 321 electron-deficient, which will promote C−C bond cleavage and 322 hence increase the magnitude of the k5 rate constant. Thus the 323 increase in k4 must be greater to give a lower k5/k4 ratio in the 324 W132F-catalyzed transformation; therefore, we propose that 325 the removal of the Glu101/Trp132 hydrogen bond raises the 326 energy of the putative oxalate-based radical intermediate 327 ( (II), 14 however, and so we assume that the geometry of the 378
Mn/ligand interactions is unchanged by the removal of the 379 Glu-101/Trp-132 hydrogen bond. We also note that removing 380 the Glu101/Trp132 hydrogen bond perturbs the number and 381 locations of active-site water molecules in the W132F OxDC 382 variant compared with WT OxDC (Figure 2 ). Thus the Mn-383 bound water oxygens in the W132F variant occupy equivalent 384 positions to the oxygen atoms of oxalate and Mn-bound water 385 seen in the X-ray crystal structure of an OxDC variant in which 386 Glu162 is deleted (PDB 5HI0). Despite these small alterations in active-site geometry, 388 however, the absence of the second-shell Glu101/Trp132 389 hydrogen bond does impact the partition ratios k5/k4 and k3/k2 390 relative to those determined for WT OxDC (Table 3) . Our 391 working hypothesis is that removing the hydrogen bond 392 transition state in which the C−O bonds at the carbon 405 proximal to the metal are more polarized (Figure 3) Thus both partition ratios k5/k4 and k3/k2 are decreased in this 419 OxDC (PDB 1UW8) and the Co-substituted W132F OxDC variant variant relative to those determined for WT OxDC (Table 3) , 420 (PDB 4MET).The ring "flip" seen for His97 in the W132F OxDC suggesting that the oxalate-based radical intermediate becomes 421 variant likely results from metal replacement, as discussed elsemore stable ( Figure 5) 
